Some drugs that regulate estrogen are currently used as therapy for endometriosis. However, these medical treatments have significant side effects and patients who hope to become pregnant cannot overcome infertility. To compare morphological alterations and clinical symptoms, revised American Fertility Society (r-AFS) scores were compared between patients with and without leukotriene receptor antagonist (LTR-A) treatment. LTR-A-treated cases showed significantly decreased r-AFS score. Furthermore, a significant correlation was seen between r-AFS score and LTR-A treatment period. In treated cases, clinical symptoms decreased and some patients achieved pregnancy. Morphologically, lesions in LTR-A-treated cases showed apoptotic fibroblasts and degeneration of collagen fibers. Our findings revealed that LTR-As had significant therapeutic value for the treatment of human endometriosis. Anti-LT therapy appears efficacious not only in the treatment of clinical symptoms and lesions, but also in improving fertility.
Introduction
Endometriosis is a disease characterized by the ectopic presence of endometrial tissue. Patients with the condition show severe adhesions on the pelvic organs and peritoneal surfaces, and clinically they experience dysmenorrhea. The progression of endometriosis is linked to estrogen [1] , so drugs that regulate estrogen are in current use for endometriosis patients. However, these pharmacotherapies have significant side effects, and patients often discontinue therapy. Inasmuch as endometriosis is closely related to infertility [2] , development of more tolerable therapies for infertility patients with this condition is imperative.
We have recently found that hypersensitivity reactions involving the activation and degranulation of infiltrating numerous mast cells are observed in the lesions of endometriosis patients [3] . Furthermore, we have demonstrated in an experimental rat model of endometriosis that similar hypersensitivity reactions occur in lesion areas [4] . Moreover, a leukotriene receptor antagonist (LTR-A), as a form of anti-allergic drug, offered significant therapeutic benefits in the rat model [5] . The present study evaluated the therapeutic effects of LTR-As on human endometriosis.
Materials and Methods

Patients and Anti-Leukotriene Therapy
A total of 25 patients with endometriosis (including 10 patients with infertility; mean age, 32.7 ± 7.80 years; mean CA125 titer, 44.42 ± 21.07 U/ml were prescribed a montelukast sodium (10 mg/day) as a LTR-A. Mean duration of treatment before laparoscopic surgery was 66.7 days (minimum, 14 days; maximum, 90 days). As a comparative control, 20 endometriosis patients (including 10 patients with infertility; mean age, 30.4 ± 6.98 years; mean titer of CA125, 53.11 ± 17.14 U/ml) with no pharmacotherapy were also examined and evaluated. All examinations were performed after the patients provided informed consent in accordance with the Helsinki declaration.
Clinical Symptoms (Pain Evaluation) and Revised American Fertility Society (r-AFS) Score
With regard to the evaluation of pain, we investigated the quantity of prescribed nonsteroidal anti-inflammatory drugs (NSAIDs) for 19 patients on LTR-A (mean duration of LTR-A treatment before laparoscopic surgery: 73.6 days; range, 56 -90 days) who complained of dysmenorrhea and had taken NSAIDs customarily, and performed evaluations using the nonparametric one-sample sign test. As a comparative control, 20 patients with no LTR-A therapy were also examined and evaluated. Patients were examined laparoscopically and evaluated for fibrous adhesion formation using the r-ASF score [6] . Clinical symptoms of endometriosis, such as pelvic pain (including dysmenorrheal pain) and infertility, were also evaluated. Patients with LTR-A treatment continued to take the drug postoperatively and received follow-up.
Mean r-AFS scores were calculated, and compared between cases with and without LTR-A treatment using the Mann-Whitney U test. Correlations between score and LTR-A treatment period were also determined using the Spearman rank-correlation coefficient.
In all analyses, values of p < 0.05 were considered statistically significant.
Light and Electron Microscopic Analysis
Tissues from endometriosis lesions in patients treated with and without LTR-A were collected via laparoscopic surgery. For light microscopy, samples were fixed with 10% buffered formalin, dehydrated in a routine manner, and embedded in paraffin. Sections 5-μm thick were stained with hematoxylin and eosin, and also with toluidine blue to identify mast cells [4] [5] [7] . To confirm the existence of LTRs on endometriosis, immunohistochemical staining for cysteinyl leukotriene receptor (CysLT) was performed using the streptoavidin-biotin method (Histofine SAB-PO Kit; Nichirei, Tokyo, Japan). The primary antibodies used were polyclonal antibody to CysLT1 and polyclonal antibody to CysLT2 (Acris Antibodies, San Diego, CA). For electron microscopy, tissue samples were fixed immediately with 1% glutaraldehyde and 4% formalin for 6 h at 4˚C and rinsed in 0.1-M cacodylate buffer overnight. These tissues were postfixed with 1% osmium tetraoxide and embedded in Epon 812 resin (Nissin EM, Tokyo, Japan). Ultrathin section were prepared with an ultramicrotome (Model MT-XL; RMC, Tucson, AZ), double-stained with uranyl acetate and lead citrate, and examined under an electron microscope (Model JEM1400; JEOL, Tokyo, Japan). Apoptotic appearance was evaluated based on the characteristics of ultrastructural processes in the formation of apoptotic bodies, as described previously [8] .
Results
Clinical Symptoms and r-AFS Score
With regard to clinical symptoms, LTR-A treatment made the amount of taken NSAIDs for 19 patients, who complained of pelvic pain including dysmenorrhea, decrease as follows; eight of the 19 patients reported decreased ingestion of prescribed NSAIDs, and five of the 19 patients took no NSAIDs. These data suggest a degree of pain relief with LTR-A (p = 0.0002; nonparametric one-sample sign test). On the other hand, as for all patients with no LTR-A therapy, there was no alteration in the quantity of prescription of NSAIDs.
Moreover, 4 of 10 infertility patients on LTR-As who continued to take the drug postoperatively became pregnant within 3 -4 months postoperatively, whereas none of the 10 infertility patients without LTR-A treatment achieved pregnancy.
LTR-A treatment cases showed significant decreases in r-AFS score when compared with controls ( Figure  1(A) ; no treatment: 78.10 ± 20.83; LTR-A treatment: 40.80 ± 23.32; p < 0.0001; Mann-Whitney U test). Furthermore, the decrease in r-AFS score correlated significantly with the length of LTR-A treatment (Figure 1(B) , P < 0.0001; Spearman rank correlation coefficient).
In laparoscopic surgery for LTR-A-treated patients, the area of adhesion was small and fragile. Surgical lysis was therefore easier and the area damaged by lysis was smaller compared to patients with no such treatment (Figures 2(A)-(D) ). 
Light and Electron Microscopic Analysis
In all endometriosis lesions, CysLT-positive cells were diffusely observed. Positive reactions were detected in ectopic endometrial cells, but also in fibroblasts, mast cells and endothelial cells (Figure 3(A) and Figure 3(B) ).
Morphologically, in proliferative lesions of LTR-A-treated endometriosis patients, both inhibition of mast cell activation and apoptosis of numerous proliferating fibroblasts were observed in lesion areas of LTR-A-treated cases. Furthermore, collagen fibers around these apoptotic fibroblasts exhibited degenerative changes; specifically, fibers were filamentous, thin, and partially condensed (Figures 4(A)-(D) ). These data indicate a decrease in extensive pelvic adhesions, and we also found that laparoscopic lysis of adhesions in LTR-A-treated patients was easier.
Discussion
In this study, our light and electron microscopic findings for endometriosis patients treated with LTR-As resembled those in LTR-A-treated experimental rat endometriosis [5] . These findings support the notion that LTR-As provide relief for patients from severe clinical symptoms and adhesive lesions. First, LTR-A-treated patients showed decreased infiltration and inhibition of degranulation (activation) by mast cells in the lesion. These findings indicate that the release of inflammatory mediators is inhibited by LTR-A treatment. As a result, some clinical symptoms (peritoneal pain, including dysmenorrheal pain) related to some mediators are relieved in LTR-A-treated patients. Recently, it has been reported that the presence of some of these mediators directly correlate with the degree of dysmenorrhea, which is one of the main symptoms of endometriosis [9] [10]. There is a distinct possibility that some clinical symptoms of endometriosis are relieved with the decrease of these mediators.
Furthermore, in LTR-A-treated cases, stromal proliferation in lesion areas showed frequent apoptosis of proliferating fibroblasts and degenerative changes in collagen fibers around these apoptotic fibroblasts. Specifically, the fibers were filamentous, thin, and partially condensed. These cells and fibers cause extensive adhesions, so these findings support the decrease in r-AFS score in LTR-A-treated cases and mirror the improved ability to laparoscopically lyse adhesions in LTR-A-treated patients, compared with no treatment. Actually, the adhesions of LTR-A-treated patients came off easily, and there was a little volume of blood loss in the laparoscope operation. It has the possibility that bleeding is restrained as the therapeutic effect so that leukotriene receptor antagonist may control functions of the leukotriene (blood vessel expansion and permeability progress), too.
Inasmuch as increases in inflammatory chemical mediators and extensive adhesions are recognized as infertility factors for endometriosis, anti-LT therapy must be efficacious not only in the treatment of clinical symptoms and lesions, but also in improving infertility in these patients [11] - [13] . Only the minimum number of patients that statistics processing was possible could obtain data by our investigation into the infertility. The investigation that has to continue in the long-term is difficult because the patients have stopped often seeing the doctor regularly when the clinical symptom is calmed down by anti-LT therapy.
Furthermore, since apoptosis, which represents physiological cell death rather than necrosis, was induced in proliferative fibroblasts, we feel that anti-LT therapy has minimal side effects. The endometriosis therapeutic-drug being made significance at present is hormone medicine, and many patients have to give up the therapy due to the strong side effect. Fortunately, no LTR-A-treated patient in our study discontinued therapy because of side effects, and some achieved pregnancy.
The presence of LTRs in endometriosis lesions is one reason why such therapeutic effects could be obtained. Generally, this receptor exists in lung smooth muscle cells, alveolar macrophages, mast cells, eosinophils and others. These cells are concerned with asthma, and LTR-As are used in asthma pharmacotherapy. The present study demonstrated for the first time that LTRs exist in endometriosis lesions, and suggests that LTR-As may be effective for endometriosis therapy.
Current medical treatment for human endometriosis is impacted by significant side effects, so patients frequently discontinue treatment, suffer a recurrence of lesions, and fail to achieve pregnancy. As current treatments also regulate the menstrual cycle, pregnancy is not possible while continuing treatment. In this study, all cells that expressed LTR in endometriosis lesions were influenced by anti-LT therapy.
Conclusion
Our results show that LTR-As have significant therapeutic effects, relieve some clinical symptoms, inhibit mast cell activation, and decrease stromal proliferation and adhesion formation. We are compiling additional data regarding the therapeutic effects of LTR-A on human endometriosis, and believe that anti-LT therapy offers a promising new therapeutic modality for human endometriosis.
